Silencing of gene expression by transcription of an artificial antisense construct has been successfully employed with fungi for a number of practical applications (e.g., see references 10 and 16). This approach is particularly useful when the target gene is represented by multiple copies in the genome (5) or when complete disruption of the gene function is lethal or gives an undesirable phenotype. In this study, the antisense technique was successfully employed to suppress the broad-domain carbon catabolite repression in Aspergillus nidulans. The key component of this repression is the creA gene. Most commercially important promoters in aspergilli are subject to the CREA-mediated repression. Loss-of-function creA mutants usually exhibit impaired growth parameters (15) and are inapplicable for industrial protein production. In this study, partial alleviation of glucose repression was achieved without affecting growth parameters of the fungus. Production of intracellular and secreted glucose-repressible enzymes (heterologous secreted ␣-amylase, endogenous intracellular alcohol dehydrogenase, and secreted endoarabinase) increased substantially.
Strain construction. The A. nidulans strain G 861 (yA2 argB2 trpC801) was employed as the recipient for transformation. For solid medium and shake-flask cultivation, standard growth media and culturing techniques were used (7) . The Aspergillus oryzae ␣-amylase gene on pTAKA-17 (courtesy of Novo Nordisk A/S) (6) was introduced into the strain G 861 by cotransformation with pTA11 (12) . The transformants were analyzed by Southern blotting (Hybond Nϩ membranes; suppliers' protocol), and a single-copy transformant (T1) was selected. The creA antisense expression vector contained a BamHI/XhoI fragment of pTA11 with the terminator of the trpC gene (12), a 700-bp BamHI/NcoI fragment from pCD5 containing a fragment of creA cDNA, and an EcoRI/NcoI fragment from pEC7 containing PgpdA (provided by B. Felenbok, Institut de Gé-netique et Microbiologie, Université Paris-Sud, Paris, France) assembled in the plasmid pILJ16 with the argB gene as a marker (9) . The construct, termed pMH-C, is represented in Fig. 1A . This plasmid was introduced into the original transformant by transformation with selection for the Arg ϩ phenotype. For a control, a similar plasmid without the insert of creA cDNA was introduced into the same original transformant. Arg ϩ transformants obtained with pMH-C were indistinguishable from one another and from the control on complete and minimal media with or without glucose. Screening of the transformants for the derepressed phenotype was performed by measuring clearing zones on starch plates in the presence of different glucose concentrations (1 to 5%). Most transformants formed larger clearing zones than the control. Three transformants were selected, with the clearing zones ranging from 0.2 (T59) to 0.5 cm (T24 and T62). Southern blot hybridization suggested integrations into different genomic sites, probably in more than one copy in the case of T24.
Growth, productivity, and gene expression patterns during batch cultivation. Batch cultures were carried out in an inhouse 5-liter glass fermentor as described previously (3, 11) ; under these conditions, ␣-amylase synthesis is strongly induced. ␣-Amylase activity was determined using an Amyl kit (Boehringer Mannheim GmbH, Mannheim, Germany) in a Cobas Mira analyzer (F. Hoffman-La Roche Ltd., Basel, Switzerland). For endoarabinase activity measurements, commercial Arabinazyme tablets (Megazyme Int. Ireland Ltd.) were used according to the instructions given by the manufacturer. Glucose in the fermentation medium was determined with the Unimate 7 Gluc GDH kit (F-Hoffman-La Roche Ltd.) using a Cobas Mira analyzer. DNA and RNA were isolated from fermenter biomass samples taken at the early exponential phase for RNA or at the end of the experiment for DNA (in order to make sure that the inserts of recombinant DNA were not rearranged during the cultivation). DNA was isolated by phenol extraction (2) . RNA was isolated using the Trizol reagent (Gibco BRL) (supplier's protocol). All auxiliary DNA and RNA techniques were performed as described by Sambrook et al. (14) .
The putative 0.9-kb antisense transcript ( Fig. 1A ) was expected to form a sense-antisense complex with the 5Ј portion of the creA mRNA, including the whole 5Ј nontranslated region, the initiation codon, and the first 100 bases of the coding sequence. The presence of this transcript was detected in T24, T62, and, at a lower level, T59, but not in the control (Fig. 1B) . In addition, Northern hybridization showed the presence of longer antisense transcripts, the nature of which is unclear. The total amount of antisense transcripts in T24 and T62 was approximately two-to fourfold higher than the amount of the creA sense mRNA; the low expression level in T59 is probably due to an unfavorable integration site. No substantial reduction in the level of the sense transcript was observed (Fig. 1B) .
The level of the ␣-amylase mRNA in the antisense transfor-mants, as estimated on the basis of blot hybridization, was 3-to 20-fold higher than in the control cultivation. The alcA mRNA was barely detectable in the control (the fermentation medium contained no inducer for alcohol dehydrogenase), but this mRNA was present in noticeable amounts in the antisense transformants. This indicates that these two glucose-repressible genes were derepressed at the transcriptional level.
The specific production rate of extracellular ␣-amylase during the exponential growth phase was 2 to 3 times higher for the antisense transformants than for the control strain ( Table 1) .
The maximum specific growth rate was unaltered or slightly higher for all three antisense transformants than the value obtained for the control strain (Table 1) . In contrast, similar batch cultivations performed with a null creA mutant of A. nidulans (1) showed a substantial reduction of the maximum specific growth rate, from 0.25 to 0.14 h Ϫ1 , compared to results for a wild-type strain used as a control. In these experiments, the maximum ␣-amylase production rate for the null creA ⌬4 a The maximum specific growth rate estimated during the exponential growth phase of the batch cultivations.
b The yield coefficient for biomass on glucose determined during the exponential growth phase of the batch cultivations. DW, dry weight.
c The true yield coefficient determined from equation 1 and the chemostat data. d The specific productivity of ␣-amylase during the exponential growth phase of the batch cultivations.
e The maintenance coefficient determined from equation 1 and the chemostat data. mutant (15) was increased fourfold over that for a wild-type strain (1) . Assuming that these results represent complete derepression, it is possible to conclude that the effect of the antisense expression was more than 50% of complete derepression.
Chemostat experiments. One of the antisense transformants (T24) and the control strain were further characterized in glucose-limited chemostat experiments. These experiments were used to study the effects of the glucose concentration and the specific growth rate on the productivity of two repressible enzymes, the recombinant ␣-amylase and endogenous endoarabinase. Chemostat experiments were performed with a 2-liter Biostat M fermentor (B. Braun Melsungen AG, Melsungen, Germany). The experiments began as batch cultures, and the continuous feed started when the glucose concentration in the medium dropped below 0.5 g/liter. The residual glucose concentration in the medium was low (Ͻ10 mg/liter) and increased with the specific growth rate. The glucose uptake rate (r s ) increased linearly with the dilution rate (which is equal to the specific growth rate), and from the linear plot the true yield coefficient (Y sx true ) and the maintenance coefficient (m s ) were estimated using the following equation:
The values of Y sx true obtained for both strains (Table 1) The specific rate of production of ␣-amylase increased with the dilution rate in the antisense transformant (Table 2 ). In the case of the control strain, a maximum ␣-amylase-specific production rate of 6 functional ␣-amylase units (FAU)/g/h (1 FAU degrades 5.26 g of starch per h at 30°C) was reached at lower dilution rates (0.075 to 0.10 h Ϫ1 ). This is about 6 times higher than at the repressed conditions, i.e., in the batch cultivations. At those dilution rates, it was observed that the antisense transformant had a slightly higher specific productivity, indicating that even with the low glucose concentrations in the chemostat there was some derepression effect compared to the control strain. The production of extracellular endoarabinase increased linearly with the dilution rate for T24, whereas it fell to a nondetectable level at raised dilution rates for the control strain, suggesting that production of this enzyme is also derepressed.
Conclusions.
The experimental settings of this study were deliberately chosen to emulate a typical industrial process rather than to investigate the mechanism of antisense silencing in any detail. The strategy was typical for antisense techniques in that we used a relatively short transcription template covering the 5Ј moiety of the target. Although there is still no consensus on the mechanisms of antisense silencing (13) , it seems likely that in our study the effect was due to impaired capping-ribosome binding-translation initiation reactions without physical degradation of the target mRNA. The data indicate that the antisense strategy is promising for creation of strains of filamentous fungi for enzyme production. In particular, it is possible to achieve carbon catabolite derepression in Aspergillus at a substantial level without affecting the growth rate and morphology. Phenotypic abnormalities have been previously reported for creA mutants with pronounced derepression (e.g., see references 8 and 15). Our data suggest either that the morphological manifestations require a decrease in protein activity much larger than that achieved by this technique or that these manifestations are less dependent on the de novo CREA synthesis and hence on the mRNA status. 
